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(54} Title of the invention 

High-strength aluminum alloy clad material used for high-temperature molding purposes 
(57) Summary 

Objective : An aluminum alloy clad material which exhibits excellent high-temperature moldability 
and strength, and which is suitable as components of structures which are used in oceanic atmospheres 
(e.g., ships, etc.) 

Constitution : A high-strength aluminum alloy clad material used for high-temperature molding 
purposes which is constituted by a core material of an Al alloy which includes 0.5-7.5% of Mg and one, 
two, or more types of elements selected from among Cr, Mn, Zr, Ti, Fe, Ni, Cu, and Zn and a skin material 
ofanAl alloy which includes 0.1 -2.5% of Mn, < l%ofFe, < l%of Si, and one, two, or more types of 
elements selected from among Mg, Cu, Cr, Zr, and Ni and which is obtained by cladding either or both 
planes of said core material. 

Claims 

1 . A high-strength aluminum alloy clad material used for high-temperature molding purposes which 
is obtained by cladding on either or both planes of a core material which includes 0.5-7.5 wt% of Mg as 
an indispensable element, one, two, or more types selected from among 0.03-0.55 wt% of Cr, 0.03-2.5 
wt% of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% of Fe, and 0.03-1 .5 wt% of Ni 
optionally, and a balance of Al a skin material constituted by 0.1 -2.5 wt% of Mn, < l%ofSi, < l%of 
Fe, and a balance of Al. 

2. A high-strength aluminum alloy clad material used for high-temperature molding purposes which 
is obtained by cladding on either or both planes of a core material which includes 0.5-7.5 wt% of Mg as 
an indispensable element, one, two or more types selected from among 0.03-0.55 wt% of Cr, 0.03-2.5 
wt% of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% of Fe, and 0.03-1 .5 wt% of Ni 
optionally, and a balance of Al a skin material constituted by 0. 1 -2.5 wt% of Mn, < 1 % of Si, < 1 % of 
Fe, one, two, or more types selected from among 0.1-1 wt% of Cu, 0.1-2 wt% of Mg, 0.1-0.3 wt% of 
Cr, 0.1-0.3 wt% of Zr, and 0.1-1.5 wt% of Ni, and a balance of Al. 

3 . A high-strength aluminum alloy clad material used for high-temperature molding purposes which 
is obtained by cladding on either or both planes of a core material which includes 0.5-7.5 wt% of Mg as 
well as either or both types selected from between 0.01-0.5 wt% of Cu and 0.02-2.5 wt% of Zn as 
indispensable elements, one, two or more types selected from among 0.03-0.55 wt% of Cr, 0.03-2.5 wt% 
of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% of Fe, and 0.03-1.5 wt% of Ni 
optionally, and a balance of Al a skin material constituted by 0.1 -2.5 wt% of Mn, < l%ofSi, < l%of 
Fe, and a balance of Al. 
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4. A high-strength aluminum alloy clad material used for high-temperature molding purposes which 
is obtained by cladding on either or both planes of a core material which includes 0.5-7.5 wt% of Mg as 
well as either or both types selected from between 0.01-0.5 wt% of Cu and 0.02-2.5 wt% of Zn as 
indispensable elements, one, two or more types selected from among 0.03-0.55 wt% of Cr, 0.03-2.5 wt% 
of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% of Fe, and 0.03-1.5 wt% of Ni 
optionally, and a balance of Ala skin material constituted by0.1-2.5wt%ofMn, < l%ofSi, < l%of 
Fe, one, two, or more types selected from among 0.1-1 wt% of Cu, 0. 1 -2 wt% of Mg, 0. 1 -0.3 wt% of 
Cr, 0. 1 -0.3 wt% of Zr, and 0. 1 -1 .5 wt% of Ni, and a balance of Al. 

Detailed explanation of the invention 

[0001] 

(Industrial application fields of the invention) 

The present invention concerns an aluminum alloy clad material which exhibits excellent high- 
temperature moldability and strength, and which is suitable as a material which is molded by means of a 
high-temperature operation and then used directly or after having further been subjected to a surface 
treatment, in particular, as components of structures which are used in oceanic atmospheres (e.g., ships, 
etc.) 

[0002] 

(Prior art and its problems) 

Outer frames of ships, especially relatively compact fishing boats, leisure boats, etc., have often 
been obtained by press-molding steel sheets and by applying coating films to them. The steel sheets, 
however, tend to be plagued with coating film scratches, and their corrosion resistances are low after [the 
coating films have become] peeled, which mandates periodic recoating operations. In recent years, 
therefore, boats which use FRP ship frames have become increasingly popular. It is difficult, however, to 
scrap these FRP ship frames after the ships have reached the end of their useful lives, and abandoned and 
unattended ships on sea shores, etc. have led to conspicuous environmental pollution problems. 

[0003] 

(Problems to be solved by the invention) 

It is against the aforementioned backdrop that aluminum sheet materials, whose corrosion resistance 
is superior to those of steel sheets and whose scrappability and recyclability are superior to those of FRPs, 
have garnered attention as ship frame structural materials for these ships. Al-Mg alloys, which exhibit 



3 



excellent corrosion resistance, strength, and moldability, are often used as such structural components 
which are exposed to oceanic atmospheres. The moldability of aluminum structural materials, on the other 
hand, generally tends to be inferior to those of steel sheets, which problematizes the determination of 
product shapes. The hot roll molding or high-temperature molding techniques have therefore come to be 
contemplated as techniques for molding aluminum sheet materials into more complex shapes. Regarding 
such a technique, a molding material or a mold is partially or entirely heated within a temperature range of 
1 00-500°C, and a molding operation is performed while the moldability of the material is being enhanced. 
This technique is suitable for molding a component which must meet an advanced processing requirement, 
and in addition to an ordinary press processing operation, bulge molding operations which utilize air or 
liquid pressures have been contemplated for such high-temperature molding purposes. No male molds are 
required in such methods in that air or liquid pressures are employed as pressurizing media, and another 
advantage lies in an improved molding limit in that the material is deformed homogeneously. When the 
aforementioned Al-Mg alloy is subjected to a high-temperature molding operation, however, the enrichment 
and oxidation of the Mg atom on the surface become unavoidable, resulting in the manifestation of a 
greenish-black color, which is undesirable in that the physical appearance becomes tarnished. When a 
coating film is formed, too, the contiguity of the coating film is adversely affected by this oxidation layer, 
as a result of which the corrosion resistance of the product deteriorates. Such an oxidation film must be 
removed chemically or mechanically, thus impeding productivity. The generation of this oxidation film is 
affected by the temperature and processing time, and it tends to become especially problematic in a 
hydraulic press molding operation or bulge processing operation. In response to these problems, the 
present inventors have developed a high-strength aluminum alloy clad material which is used for a high- 
temperature molding operation and which is suitable as a component of relatively compact ships (e.g., outer 
panels, etc.) which are molded at high temperatures. 

[0004] 

(Mechanism for solving the problems) 

A high-strength aluminum alloy clad material used for high-temperature molding purposes which 
is obtained by cladding on either or both planes of a core material which includes 0.5-7.5 wt% of Mg as 
an indispensable element, one, two, or more types selected from among 0.03-0.55 wt% of Cr, 0.03-2.5 
wt% of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% of Fe, and 0.03-1 .5 wt% of Ni 
optionally, and abalanceof Al a skin material constituted by 0.1 -2.5 wt% of Mn, < l%ofSi, < l%of 
Fe, and a balance of Al is specified in Claim 1 , whereas a high-strength aluminum alloy clad material used 
for high-temperature molding purposes which is obtained by cladding on either or both planes of a core 
material which includes 0.5-7.5 wt% of Mg as an indispensable element, one, two or more types selected 
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from among 0.03-0.55 wt% of Cr, 0.03-2.5 wt% of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 
0.03-0.5 wt% of Fe, and 0.03- 1 .5 wt% ofNi optionally, and a balance of Al a skin material constituted 
by0.1-2.5wt%ofMn, < l%ofSi, < 1 %ofFe ? one ? two, or more types selected from among 0. 1 -1 wt% 
of Cu, 0. 1 -2 wt% of Mg, 0. 1 -0.3 wt% of Cr, 0. 1 -0.3 wt% of Zr, and 0. 1 - 1 .5 wt% of Ni, and a balance 
of Al is specified in Claim 2, whereas a high-strength aluminum alloy clad material used for high- 
temperature molding purposes which is obtained by cladding on either or both planes of a core material 
which includes 0:5-7.5 wt% of Mg as well as either or both types selected from between 0.0 1 -0.5 wt% 
of Cu and 0.02-2.5 wt% of Zn as indispensable elements, one, two or more types selected from among 
0.03-0.55 wt% of Cr, 0.03-2.5 wt% of Mn, 0.03-0.25 wt% of Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% 
of Fe, and 0.03- 1 .5 wt% ofNi optionally, and a balance of Al a skin material constituted by 0. 1 -2.5 wt% 
of Mn, < 1% of Si, < 1% of Fe, and a balance of Al is specified in Claim 3, whereas a high-strength 
aluminum alloy clad material used for high-temperature molding purposes which is obtained by cladding 
on either or both planes of a core material which includes 0.5-7.5 wt% of Mg as well as either or both 
types selected from between 0.0 1 -0.5 wt% of Cu and 0.02-2.5 wt% of Zn as indispensable elements, one, 
two or more types selected from among 0.03-0.55 wt% of Cr, 0.03-2.5 wt% of Mn, 0.03-0.25 wt% of 
Zr, 0.005-0.35 wt% of Ti, 0.03-0.5 wt% of Fe, and 0.03-1 .5 wt% ofNi optionally, and abalance of Al 
a skin material constituted by 0.1-2.5 wt% of Mn, < 1% of Si, < 1% of Fe, one, two, or more types 
selected from among 0.1-1 wt% of Cu, 0.1-2 wt% of Mg, 0.1-0.3 wt% of Cr, 0.1-0.3 wt% of Zr, and 
0.1-1 .5 wt% ofNi, and a balance of Al is specified in Claim 4. 

[0005] 
(Functions) 

The reasons for limiting the alloy components in the present invention will be explained below. 
First, the alloy composition of the core material will be explained. The Mg improves moldability by 
improving material strength and reliability while being solid-solubilized in said material. When the material 
is heated at a high temperature, in particular, its homogeneous deformation is effectively facilitated during 
its molding operation, as a result of which the molding limit is improved. The static strengths of the obtained 
product, furthermore, are enhanced, as a result of which its deformation by an external force can be 
prevented, and the temporal variation of a case where the ship frame, etc. are exposed to an external 
pressure over an extended period of time (e.g., creep deformation, etc.) is effectively prevented as well. 
The corrosion resistance of the material, furthermore, is effectively improved when the skin material of the 
objective product of the present invention is scratched, etc. due to environmental factors, etc. These effects 
are insufficient when its addition ratio is lower than 0.5 wt%, whereas when it exceeds 7.5 wt%, a crude 
Al-Mg compound is generated within the material, as a result of which the moldability and corrosion 
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resistance deteriorate. The Cu and Zn generate microscopic compounds together with the Mg, based on 
which the moldability of the material is improved, which is in turn attributable to its improved strength and 
reliability. The corrosion resistance of the material, however, tends to diminish slightly under the pervasion 
of either element, and in the case of a material whose core material corrosion resistance is critical, it is 
desirable to decide to add or not to add them in consideration of the shape and application environments. 
In cases where their addition ratios are below their respective lower limits, a significantly improved 
moldability cannot be expected, whereas in cases where their upper limits are exceeded, the clad material 
resistance significantly deteriorates. Cr,Mn,Zr,Ti,Fe, and Niall form microscopic compounds withinthe 
material together with Al, as a result of which a very fine material texture is generated, and strength and 
moldability are improved while the corrosion resistance of the material is concomitantly improved. One, 
two, or more types selected from among these elements should therefore be added. These effects are 
insufficient in cases where their addition ratios are below their respective lower limits, whereas crude 
compounds are generated within the material, accompanied by moldability deterioration, in cases where 
they exceed their respective upper limits. Regarding elements to be internalized other than the 
aforementioned ones, Si is a main impurity element, and it is desirable to minimize the internalization ratio 
of Si in that it forms an Mg-Si compound together with Mg during an alloy smelting operation, as a result 
of which the effective addition ratio of the Mg diminishes, accompanied by a corrosion resistance 
deterioration. Lowering the Si internalization ratio, however, entails an elevated purity of the matrix metal 
as well as increased production cost. It is undesirable, therefore, to lower the Si internalization ratio more 
than necessary from an industrial point of view. In consideration of these factors, the Si internalization ratio 
should be designated at 0.5 wt% or below. Regarding other quantitatively minuscule elements, the 
performances of the present invention remain unaffected adversely if their respective internalization ratios 
are limited to 0.5 wt% or less. Quantitatively minuscule elements such as Ba, B, etc., which may be added 
for the purpose of improving the smeltability, and the misch metal, etc., which may be added for improving 
the moldability, may therefore be added within ranges of 0.05 wt% or less. The pervasions of other 
elements which have migrated during a manufacturing process are permissible so long as their ratios are 0.5 
wt% or below. 
[0006] 

Next, the alloy components of the skin material will be discussed. It is fundamentally desirable for 
the skin material to be constituted by a pure Al material from the standpoint of preventing the formation of 
an oxidation film, but when a pure Al skin material is clad, the strength and moldability of the material tend 
to deteriorate. It has been discovered that, in order to minimize strength losses of the material of the 
present invention due to cladding, an Al-Mn material is suitable in that it exerts no adverse effects on the 
growth of an oxidation film at a high temperature and that its strength is higher than that of the pure Al [- 



based] alloy. Not only is the Mn effective for improving normal-temperature strength, but, when a high- 
temperature molding operation is carried out, the strain rate sensitivity index of the deformation stress (m 
value) is also elevated as a result of its solid solubilization into the material, as a result of which 
homogeneous deformation is facilitated and the molding limit is improved. The present inventors have also 
discovered that Mn exerts an effect of inhibiting the diffusion of Mg within the core material into the skin 
material during a high-temperature molding operation. These effects are insufficient when the Mn content 
is lower than 0.1 wt%, whereas when it exceeds 2.5 wt%, crude crystals are deposited within the material 
during a casting operation, as a result of which the likelihood of moldability loss of the material is increased. 
Fe and Si are included as main impurities, and if the internalization ratios of the respective elements exceed 
1 wt%, the moldability and corrosion resistance are adversely affected, accompanied by depositions of 
crude crystals within the material. The internalization ratios of the respective elements are therefore limited 
to 1 wt% or less. If Cu, Mg, Cr, Zr, and/or Ni are added together with Mn, an effect of improving the 
moldability of the material at a high temperature is achieved. When their addition ratios are below their 
respective lower limits, their effects become insufficient, whereas when they exceed their respective upper 
limits, the moldability may deteriorate. In any event, these elements may entail slight corrosion resistance 
losses depending on application environments, and therefore, to add them or not should be adventitiously 
determined. Other elements which have migrated during a manufacturing process do not adversely affect 
the performances of the material of the present invention so long as their respective ratios are 0.5 wt% or 
below. Incidentally, the clad material of the present invention can be manufactured by an ordinary method. 

[0007] 

(Application examples) 

In the following, application examples of the present invention will be explained. Core material and 
skin material alloys characterized by the chemical compositions shown in Table I were each obtained as 
a cast mass with a thickness of 400 mm and a width of 2,300 mm based on the DC casting method. In 
the case of a skin material, this cast mass was subjected to a 600°C x 8 hr homogenizing treatment after 
both of its planes were shaved by 5 mm each, and after it was subsequently hot-rolled and then cold-rolled, 
a 1 0 mm sheet material was obtained. In the case of a core material, both planes of the cast mass were 
shaved by 5 mm each, and after it was joined with a corresponding skin material, the obtained 400 mm 
laminate material was subj ected to a (440 x 6 hr + 520 x 8 hr) homogenizing treatment, and after it was 
subsequently hot-rolled by an ordinary method, it was cold-rolled, as a result of which a clad material with 
a thickness of 1 mm was obtained, and after this sheet material had subsequently been annealed at 500°C 
for 1 0 sec, a sample material was obtained. As far as comparative examples are concerned, furthermore, 
in the case of a non-clad material, a 380 mm plane-shaved cast mass was homogenized, hot-rolled, cold- 
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rolled, and annealed according to procedures identical to those for its clad counterpart, as a result of which 
a sample sheet material with a thickness of 1 mm was obtained. After a 400 x 400 mm test piece was 
processed from the obtained sheet material, it was subjected to a hot-roll molding extension test. Said hot- 
roll molding extension test was conducted by using a 200 mm(J) sphere-headed punch, and the critical 
molding height unaccompanied by cracks was calculated at a molding temperature of 450°C. The molding 
rate was designated at 1 mm/sec. in terms of the punch displacement speed. The extent of the color change 
of the surface of the molded material, furthermore, was checked by naked eye observation. The results 
are shown in Table I. After a tensile test piece was processed from each sample material, furthermore, it 
was heated at 450°C for 5 min. for simulating the heating environment of a high-temperature molding 
operation, and after the temperature had subsequently been lowered to normal temperature, its post-heating 
strengths were evaluated in a tensile test. The obtained results are also shown in Table I. 



8 



* 




[0009] 

As the table clearly indicates, the aluminum alloy clad material of the present invention is 
unaccompanied by color changes even when a high-temperature molding operation is carried out, which 
can be contrasted with the comparative materials, and it also exhibits excellent hot-roll moldability and 
post-heating corrosion resistance. 

[0010] 

(Effects of the invention) 

Not only can excellent hot-roll molding processibility and high post-processing strength be achieved 
in the present invention, but it is also unaccompanied by such inconveniences as post-processing surface 
color changes, etc., and thus promises immense industrial effects. 
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